This study retrospectively evaluated the stability of Le Fort I maxillary advancements and compared segmental and one-piece maxillary osteotomy procedures. A cephalometric analysis was performed on 26 cases of maxillary advancement. The sample comprised 11 cases of one-piece and 15 cases of segmental maxillary procedures. The tracings were superimposed and digitized by computer software, and the skeletal changes were analyzed before surgery, immediately after surgery, and at a minimum of 1 year of follow-up. Different values were compared by the paired and nonpaired t tests and were correlated by the Pearson correlation test. The significant value was set at a 95% confidence interval. The maxilla was advanced by a mean of 5.0 ± 1.6 mm (P < 0.001), and the anterior maxilla was repositioned inferiorly by a mean of 1.5 ± 3.3 mm (P < 0.05). The maxilla relapsed posteriorly by a mean of 0.6 ± 1.2 mm (P < 0.05) and superiorly at the anterior maxilla by a mean of 0.8 ± 1.1 mm (P < 0.001). Overjet and overbite did not significantly change (P > 0.05). It was concluded that maxillary advancement using rigid fixation and interpositional bone grafting in both groups was a stable procedure, particularly in the horizontal plane. In the one-piece group, there was a significantly higher relapse in the vertical plane than in the segmental group (P < 0.05), however. Minor skeletal relapse was compensated for by postoperative tooth movement, and segmental procedures are recommended when required to enhance occlusal results.
T
he Le Fort I maxillary osteotomy has been a routinely performed procedure in orthognathic surgery for more than 25 years. Factors influencing the stability of maxillary advancements have been investigated in studies examining single jaw or bimaxillary procedures, with or without interpositional grafting and with the use of different fixation techniques, primarily wire and miniplate fixation. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Many of these studies are limited by small and heterogenous samples with a mixture of surgical procedures and techniques, and cephalometric reliability controls have either been absent or inadequately described.
Postoperative stability is one of the major objectives in orthognathic surgery. The rigidity of the fixation is recognized as an essential factor in promoting stability after anterior maxillary repositioning. 8, 11, [14] [15] [16] In relatively small advancements of less than 6 mm, stable results have been reported with the use of rigid fixation without bone grafting or with the use of wire fixation. It has been demonstrated that miniplate fixation is more stable than interosseous and suspension wire fixation in larger advancements and down-graft procedures. [9] [10] [11] 13, 16, 17 Interpositional bone grafting at the anterior and lateral walls of the maxilla is thought to improve the stability of the procedure, but this has not been established in a controlled study. Segmental maxillary repositioning is commonly undertaken to facilitate an optimal occlusion. There are limited previous studies comparing the stability of segmental versus one-piece maxillary procedures using rigid miniplate fixation. 1, 5, 6 The purpose of this study was to retrospectively analyze the stability of the Le Fort I maxillary advancement with rigid fixation and to compare the stability of one-piece and segmental maxillary procedures.
PATIENTS AND METHODS

C
ephalometric data were obtained from a sample of 26 patients (18 female and 8 male). The mean age was 22.3 years, with a range of 13 to 38 years. Follow-up was a minimum of 12 months, with a mean of 25.7 months and a range of 12 to 84 months after surgery. The samples were categorized into three groups: Group A comprised the total sample (n = 26), Group B comprised one-piece LeFort I procedures (n = 11), and Group C comprised segmental LeFort I procedures (n = 15). All patients had maxillary hypoplasia in the anteroposterior plane without any associated cleft or craniofacial deformities and had ceased growing. Each patient underwent preoperative and postoperative full-fixed orthodontic treatment.
Cephalometric Analysis
Lateral cephalometric radiographs were taken of each patient before surgery (T1), immediately after surgery (T2), and at a minimum of 1 year of followup (T3). The radiographs were traced on 0.07-mm acetate paper in a semidark room. The T1 tracing was superimposed on the subsequent radiographs using the cranial base triangle (Basion, Sella, Nasion) and the anatomical best fit superimposition technique. 18 A palatal template for superimposition was used to locate the posterior nasal spine (PNS), anterior nasal spine (ANS), and A-point, 19 and a mandibular template was used to locate the B-point, pogonion, and menton. 18, 20 Landmarks were located in sequence, and the tracings were digitized, measured, and analyzed using Quick Ceph Image version 6.1 software (Quick Ceph Systems, San Diego, CA) on a Macintosh Quadra 800 (Apple Computers, Cupertino, CA) (Fig 1) .
The landmarks and constructed angles were measured in the X and Y axes according to the natural head position, horizontal reference line, 7°above the Sella-Nasion (S-N) plane, 21 and vertical reference line, Nasion-perpendicular intersecting at Nasion. The analysis was subdivided into maxillary positioning, mandibular positioning, vertical relations, and dental relations (Figs 2 and 3 ).
Cephalometric Reliability Control and Statistical Analysis
All tracings were calibrated, and each radiograph was traced and digitized twice 1 week apart by one investigator. The differences in landmark location of the first and second tracings were tested by the paired t test at a 95% confidence interval (P < 0.05), and mean values were used for the analysis.
The two-tailed paired t test was used to evaluate the differences between paired data within the same group. The nonpaired t test was used to compare the data between the sample groups (Groups A, B, and C). The association between data was analyzed by the Pearson correlation and linear regression using the "Minitab" personal statistics package (Macintosh Version, 1991; Minitab Inc., State College, PA). 
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Surgical Procedure
A standard Le Fort I maxillary down-fracture osteotomy was performed as a single jaw procedure by the same surgeon (A.H.). Simultaneous genioplasties and rhinoplasties were performed in six and four patients, respectively. The maxilla was passively repositioned and stabilized with four titanium Lshaped miniplates. In all cases, interpositional grafting of the anterior and lateral bony walls was performed using either block corticocancellous bone from the iliac crest or local bone grafts from the maxillary procedure for smaller defects. No occlusal splints were left in situ, and no postoperative intermaxillary fixation was used. Light intermaxillary elastics were inserted at the completion of the procedures and maintained for approximately 4 weeks. In segmental cases (Group C), U-shaped palatal splints and a continuous rectangular orthodontic arch wire were inserted at surgery to provide stability to the fragments. Palatal splints were removed 6 to 8 weeks after surgery.
RESULTS
Reliability of Cephalometric Analysis
T he mean of the differences of 19 landmarks and eight parameter measurements was 0.05 ± 1.1 mm, ranging from −1.37 to 0.59 mm. The SEM was 1.0 mm, ranging from 0.1 to 3.1 mm. The difference between the first and second tracings was not significant (P > 0.05).
Operative Change (T1-T2)
The maxilla was advanced by a mean of 5.0 ± 1.6 mm with a significant range of 4.4 to 5.7 mm (P < 0.001); in 21 cases (80%), the maxilla was advanced less than 6.0 mm, and in 15 cases (19%), the advancement was greater than 6.0 mm. The anterior maxilla moved inferiorly by a mean of 1.5 ± 3.3 mm with a significant range of 0.2 to 2.9 mm (P < 0.05). Lower anterior facial height was decreased by a mean of 1.2 ± 2.0 mm (P < 0.01) ( Table 1 ). In 15 cases (85%), the maxilla was inferiorly repositioned up to 8.8 mm (Fig 4) .
Follow-Up Change (T2-T3)
In the horizontal plane, the maxilla relapsed posteriorly by a mean of 0.6 ± 1.2 mm with a significant range of 0.2 to 1.1 mm (P < 0.05). In the vertical plane, the anterior maxilla relapsed superiorly by a mean of 0.8 ± 1.1 mm with a significant range of 0.4 to 1.3 mm (P < 0.001). The maxillary central incisor did not move posteriorly with the skeletal base and hence proclined. There was no significant change in overjet and overbite (P > 0.05). The anterior mandible autorotated superiorly and anteriorly (P < 0.01) (see Table 1 ). In 21 cases (81%), the maxilla moved posteriorly less than 2.0 mm or less than 40% of the advancement. In 4 cases (15%), the maxilla moved anteriorly less than 0.5 mm (see Fig 4) .
In 17 cases (65%), the anterior maxilla moved superiorly less than 2.0 mm, and in 3 cases (12%), the anterior maxilla moved superiorly between 2.0 and 3.0 mm. In 6 cases (23%), the anterior maxilla moved inferiorly up to 1.5 mm (see Fig 4) .
Correlations
In Group A, the T1-to-T2 change of the PNS in the vertical plane had a moderately adverse correlation with the T2-to-T3 change of the PNS in the vertical plane (r = −0.78) and palatal plane angle (r = −0.65).
The operative change of the anterior mandible B-point, pogonion, and menton in the vertical plane had a positive moderate to strong correlation with the operative vertical plane change of the anterior maxilla. The menton had high correlations with the anterior maxilla (ANS, A-point, and maxillary central incisor edge: 0.9 < r < 0.7).
In Group B, the T2-to-T3 change of the maxilla (PNS, ANS, A-point, and maxillary central incisor) in the vertical plane and at PNS in the horizontal plane had a moderate to strong correlation with the T1-to- 
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T2 change of the maxilla (PNS, ANS, A-point, and maxillary central incisor) in the vertical plane (0.6 < r < 1.0).
In Group C, a correlation between operative (T1-T2) and follow-up (T2-T3) change was not found (r ഛ ±0.3).
In a comparison between Group A and Group B and between Group A and Group C, there was no significant difference of the T1-to-T2 and T2-to-T3 change of maxillary position at the PNS, ANS, Apoint, and maxillary central incisor (P > 0.05) in either comparison.
In a comparison between Group B and Group C, the ANS in the vertical plane of Group B had moved inferiorly and relapsed superiorly more than the superior relapse of ANS in the vertical plane of Group C (P < 0.05). In the horizontal plane, the PNS, ANS, and A-point of Group B were advanced more than in Group C, and the PNS and A-point of Group B showed greater relapse in the horizontal plane compared with Group C (P < 0.05) ( Table 2 ).
DISCUSSION
R
etrospective cephalometric studies rely heavily on standardization of radiographs and the accuracy of tracings, because a high magnitude of error can invalidate results. The cephalometric analysis in this study was well controlled with double tracings and the use of mean values. 22 Minimal differences were noted between the first and second tracings, which demonstrated small SDs that were not significantly different (P > 0.05). It should be noted that constructed angular measurements had higher SDs than linear measurements in the horizontal and vertical planes. The use of an anatomical best fit superimposition of the cranial base and the superimposition of tracings on radiographs were reliable methods of landmark identification. 20, 23 We concur with Posnick and Ewing 24 that after maxillary advancement, the ANS and A-point are difficult to identify. The use of palatal template superimposition improves the accuracy of identifying these landmarks, however.
The sample in this study was homogeneous and allows a meaningful interpretation of results. The concept that preoperative orthodontics should prepare the arches to create the maximum interdigitation in the desired skeletal relation is generally accepted, but the influence on long-term stability is 
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difficult to evaluate. 25 Orthodontic treatment in this study, and in almost all studies of this nature, remained an uncontrolled variable from the point of view of treatment protocol, and definitive conclusions regarding the role of orthodontics in contributing to stability cannot to be made.
Maxillary advancements were stable in the horizontal plane, with a mean relapse of less than 1.0 mm, and 81% of cases relapsed posteriorly less than 2.0 mm (see Fig 4) . This is consistent with previous reports that maxillary advancement is a stable procedure in the horizontal plane, particularly with small advancements (6.0 mm) and the use of rigid fixation. 8, 10, 11, 15, 16 Large advancement cases (> 6.0 mm) did not show greater relapse, and in five cases with advancements of between 6.0 and 9.0 mm, there was only a relapse range of between 0.37 and 1.53 mm. This suggests that rigid fixation and bone grafting also provide good stability for larger maxillary advancement procedures. Maxillary advancement caused minimal change in anterior facial height (Table 1 ). In the postoperative period, the mandible rotated superiorly and anteriorly, corresponding to superior relapse of the anterior maxilla.
In this study, the degree of stability in the vertical plane was unpredictable, with individual variation, and this supports the findings of previous studies. 5, 6, 8, 16, 17 Inferior repositioning of the anterior maxilla was performed in most patients to provide an aesthetically acceptable upper incisor display ( Fig  5) . Of the 15 patients who underwent vertical downgrafting with maxillary advancement, the mean superior relapse was 0.8 ± 1.1 mm. These figures are similar to the reported findings in other studies using rigid fixation. Proffit et al 8 demonstrated that rigid fixation has improved stability in the horizontal plane but cannot prevent relapse in the vertical plane; for this reason, they advocated the use of interpositional bone grafts to enhance stability. The rigidity of miniplate fixation may secure the maxilla in the vertical direction in the short term, but neuromuscular adaptation after maturation of the bony union does not maintain the inferior repositioning in the long term in many cases. Variable factors such as parafunctional activity and masticatory forces may influence the stability of these procedures.
Despite the degree of relapse in this study, overbite and overjet were maintained as a result of proclination of the maxillary central incisors. This demonstrates that dental compensation, whether spontaneous in the early postoperative period or orthodontically produced, maintains the anterior relation.
Previous studies have reported variable results in the comparison of one-piece and segmental procedures. Perez et al 6 evaluated the long-term stability of Le Fort I maxillary down-grafts and found that there was no difference in the vertical stability of the maxilla between one-piece and segmental procedures. Bailey et al 1 reviewed the stability of superior repositioning procedures and found that long-term change was not related to the segmentation of the maxilla at surgery. This is in contrast to the findings of Baker et al, 5 who examined the stability of inferior repositioning and found a tendency for greater relapse in patients who had concurrent segmental osteotomies of the maxilla.
In this comparison between one-piece and segmental procedures, the anterior maxilla in Group B (one-piece) was inferiorly repositioned more than in Group C (segmental). A significant difference in the follow-up change was found at the PNS in the horizontal plane and palatal plane angle only. Relapse and the associations between the T1-to-T2 and T2-to-T3 changes in the vertical plane of the anterior maxilla were found in Group B but not in Group C (Table  2 ). This suggests that one-piece maxillary procedures may have a greater tendency to relapse than segmental maxillary procedures, especially in large advancements or those undergoing vertical repositioning. Nevertheless, the mean maxillary advancement in the segmental group was less than in the one-piece group; thus, the degree of relapse reported in the segmental group would be anticipated to be less. Segmental interdental osteotomies are performed to allow the correction of anterior arch length discrepancies, to improve intercuspation, and to promote occlusal stability. This, in turn, may increase the skeletal stability of the procedure when compared with one-piece maxillary procedures. Although segmental maxillary procedures carry a higher morbidity because of the potential for tooth root damage and vas- THE JOURNAL OF CRANIOFACIAL SURGERY / VOLUME 14, NUMBER 1 January 2003 cular compromise, particularly in cleft cases, these disadvantages should not outweigh the occlusal benefits.
